INTRODUCTON
Evidence of increasing resistance to antibiotics in bacteria suggests that anti-microbial drugs play a major role in the emergence of multiple resistant bacteria (Refsdal, 2000) . Berger-Bächi, (2002) reported that in the last few decades there was an increase in number and severity of infections arising from such bacteria. These pathogens have a tendency to accumulate multiple resistance factors under antibiotic selection Antibiotics enter the environment via different pathways. Resistant bacteria may have been selected during the process of sewage treatment and, subsequently, may reach the aquatic environment via contaminated effluents (Kümmerer, 2001; Hühnerfuss, 2003) .
The rapid development of resistance is due to mutational events and/or gene transfer and acquisition of resistant determinants, allowing strains to survive antibiotic treatment (Berger-Bächi, 2002; Alonso, et al., 2001) . The development of antibiotics, from the sulphonamides used in the past to the powerful broad spectrum antibiotics of today, has led to a fundamental disturbance of microbial ecology (Spratt, 2004) . The use of antibiotics directly selects resistant variants to different antibiotics or disinfectants (Jeljaszewicz et al., 2000) .
Antibiotic resistant bacteria have been reported in wild birds and mammals, even from remote regions such as the Amazon River Basin (Kempski et al., 2005) . Antibiotic resistant bacteria were also isolated from juvenile loggerhead sea turtles (Caretta caretta) in Cour Sound, North Carolina, USA (Harms et al., 2006) . Antibiotic resistant bacteria have also been found in the egg shells and egg contents of the green turtle, Chelonia mydas (Al-Bahry et al., 2009a) . The source of bacterial contamination to the eggs was unknown. In the present investigation we analyzed the oviductal fluid during the egglaying process in order to find the source of contamination that we previously reported.
In this investigation a simpler non-invasive sample method was designed specifically to collect oviductal fluid in the egg-laying green turtles and to isolate bacterial flora and resistant bacteria to antibiotics.
Resistant bacteria were used as bio-indicator for the presence of the contaminated effluents in the marine turtles (Al-Bahry et al., 2009a , Al-Bahry et al., 2009b , Foti et al., 2009 and Foti et al., 2008 . This data will be valuable in the overall assessment of pollution of feeding habitats, as well as the migratory routes of the green turtles.
MATERIALS AND METHODS

Study area.
Ras Al-Hadd Reserve is located on the Gulf of Oman and the Arabian Sea between 22 
Brief description of the reproductive tract in turtles:
The oviduct (the reproductive tract) is divided into four regions: infundibulum, uterine, uterus and vagina (Alkindi et al., 2006) . The vagina is directly connected to the cloaca (Fig 2b) . The gastrointestinal tract and ureters make a connection to the cloaca by the sphincter vent (Fig 2a and 2b) . During the egg-laying process the turtle periodically secretes clear fluid over its eggs which are synthesized by special glands of the uterus, vagina and cloaca. In this paper the term oviductal fluid is used to describe this secretion.
Sample collection:
Oviductal fluid samples were collected by inserting a 15 cm long sterile swab gently. The swab was easily inserted into the cloacal vent due to the general relaxation of the sphincter muscle as well as the unfolding of the smooth lining of the cloaca and the moist condition of the lumina (Fig 1a and 1b) . During the course of oviposition, the turtle discharges oviductal fluid over the eggs which keeps them moist, as the cloacal sphincter is projected into the neck of the nesting chamber without touching the rim of the nest.
This method has not been used by other investigators in the egg-laying turtles. This method was specifically designed to collect bacteria during the egg-laying process. Thus, the swabbing technique was necessary in this study.
A total of forty turtles were examined. The samples from each turtle were collected after the turtle had discharged oviductal fluid over the eggs at least three times during the course of oviposition, which ensured that most residual bacterial flora in the cloaca had been flushed away. During the oviposition the cloaca was projected into the opening of the nesting chamber. The unfolded smooth cloacal lining was not contaminated with sand at anytime and we did not observe any sand grains on the swabs (Fig 1a and 1b) . The cloacal vent folds in after egg-laying is completed.
Isolation of bacteria:
Four swabs were taken from each turtle, three being used to inoculate the following selective media; selenite-F, alkaline peptone and lactose broth-containing Durham tubes.
The other swab was directly streaked on nutrient agar. All media used in this study were obtained from Oxoid, UK.
The contents were then incubated in a portable incubator at 37°C for 24-48 hours. After inoculation, the tubes were streaked on the corresponding differential, selective media;
Salmonella-Shigella (SS), thiosulfate-citrate-bille-sucrose (TCBS), and eosie-methyleneblue (EMB) agars respectively. The plates were also incubated at 37°C for 24-48 hours.
Swabs were also taken from cloacal lumen of five nesting turtles after these turtles finished laying and burying their eggs and began their movement toward the sea. During this time the smooth cloacal lining had returned to its normal inside and folded position (Fig 2a and 2b) . The turtle was then turned on its back, the cloacal vent was cleaned of sand, disinfected and a swab inserted into the cloaca (Fig 1c) . However, there was difficulty in inserting the swab beyond 2-3 cm as the cloaca was withdrawn toward the inside and there was a general constriction in both the cloacal sphincter and the cloacal chamber. Even though the area around the sphincter was aseptically cleaned before insertion of the swab, there were still grains of sand on the swab when retracted from the cloaca. Therefore, this procedure was not used in this study and the data collected was used only for comparison with the data from the present swabbing procedure.
Sand samples:
Five sand samples near the turtle nests were collected aseptically and were then streaked on nutrient agar plates. The data were used for comparison with the results of egg-laying and the post egg-laying turtles.
Direct Oviductal Fluid Collection
Oviductal fluid was collected in 15-ml sterile test tubes as the turtle periodically discharged the oviductal fluid. The test tubes were then placed in an ice box and transported to the lab for microbiological analysis. A total of five turtles were sampled.
Identification of the isolates:
Characteristic colonies were selected and the isolates were identified biochemically by the standard Analytical Profile Index (API) system (New York). The API 20E system was used for identifying Enterobacteriaceae and the fermentative bacteria, while the API 20NE system was used for the identification of Vibrio and Aeromonas and other nonfermentative bacteria. Colonies from nutrient agar plates of the suspected Gram positive bacteria were identified by their cellular morphology using Gram and spore staining techniques.
Antibiotic susceptibility test:
One hundred and thirty-two bacterial isolates were tested for their susceptibility to antibiotics, using the disk diffusion method (Bauer et al. 1966 ) and according to the guidelines of the National Committee for Clinical Laboratory Standards (NCCLS). The cultures were incubated for 18-24 hours at 37 o C and the inhibition zones were measured.
Fifteen antibiotics were used: Amikacin (Ak) 30µg, Ampicillin (Amp) 10µg, Carbencillin
30µg, Tobramycin (Tob) 10µg, and Trimethoprim (Tmp) 5µg. Inhibition zone diameters were measured after 24 hours of incubation at 37°C. An Escherichia coli strain (ATCC 25922) and Pseudomonas aeruginosa strain (ATCC 27853) were used as controls for the disk diffusion assay.
RESULTS
A total of 132 species of bacteria from 7 genera were isolated from the swabs of the (2.3%). Citrobacter spp dominated the other isolates (Fig 3) . Escherichia coli were not present in either the swab samples or the oviductal fluids.
The isolates from the oviductal fluids were tested against fifteen antibiotics. All the isolates that were resistant to more than one antibiotic were considered to be multiple resistant bacteria. It was shown that 60.6% of these isolates were resistant to the tested antibiotics. The percentages/ratio of the multiple resistant isolates to the number of antibiotics were as follows: (11%:1), (16.7%:2), (38.9%:3), (13.9%:4), (5.6%:9), (5.6%:10), and (5.6%:11), and (2.8%:12) antibiotics (Fig. 4) . Among the isolates, the highest resistance to antibiotics was Pseudomonas aeruginosa, which showed resistance to twelve antibiotics.
The majority of the isolates were resistant to ampicillin, streptomycin, and sulphamethoxazole ( Fig. 5 ).
DISCUSSION
In this study, a swabbing technique was used for isolation of bacteria from the oviductal fluid during the egg-laying process. This procedure allows the examiner to insert a swab that reaches the vaginal lumen easily from where the fluid is secreted. The relaxation response observed during oviposition while the turtle was laying its eggs made it easier to insert the swab into the reproductive tract. This method is gentle and does not disturb the turtles during egg-laying and ensures that the samples are directly collected from the oviductal lumen with minimal contamination. The unfolding of the smooth cloacal lining occurred throughout the period of oviposition in all of the 40 turtles we observed. In the post egg-laying turtle the swab did not go beyond 2-3 cm. During this time, the oviductal fluid was not secreted and the swabbing was limited to the cloaca.
In this study, the oviductal fluid in the egg-laying turtles was heavily contaminated with bacterial flora. A total of 132 species from 7 genera were present. Over half of the isolates were Citrobacter spp. Moreover, isolates from the discharged oviductal fluid samples collected directly from the cloacal vent during oviposition were similar to that of the swabbing procedure. However, because of the unpredictability of the timing of oviductal fluid discharge, we did not rely on this procedure.
Isolates from the turtles that had already laid and buried their eggs were entirely different from the egg-laying turtles with exception of Citrobacter and Pseudomonas which were significantly lower than in egg-laying turtles. The dominant isolates in the post egglaying turtles were Bacillus spp.
Surprisingly, the isolates taken from the sand near the nest showed a remarkable similarity to the isolates from turtles that had already buried their eggs, with Bacillus spp being the dominant. In both post egg-laying turtles and sand samples, there were close percentages for Micrococcus, Staphylococcus, and Pseudomonas spp.
Based on the present findings, it appears that the most likely source of contamination in the post egg-laying turtles was from the sand as the turtle was crawling or resting on the sand in a cyclical pattern while burying the eggs (Alkindi et al., 2006) . The swabs were heavily contaminated with grains of sand, even though the plastron around the cloacal vent was disinfected and cleaned of sand prior to swabbing. Apparently, the grains of sand can find entry through the cloacal vent during the egg burying process. In addition, forcing the swab through the cloacal vent was difficult and harmful to the post egg-lying turtles due to the general constriction of the cloacal vent and the cloacal wall.
The present results indicate that swabbing after egg-laying does not represent the actual endogenous bacterial flora in the oviductal fluid, since the swab was restricted to only 2-3 cm beyond the cloacal vent. Moreover, vaginal glands which secrete oviductal fluid are located in the vaginal lumen (Alkindi at al., 2003) and secrete fluid only when the turtle lays eggs. Furthermore, the fluid which was collected directly from the vent while the turtle was discharging had similar results of bacterial flora to that of the swabbing technique during egg-laying. The close similarities between bacterial flora from the swabbing technique and the direct fluid collection is a clear indication that the isolates came from the same origin.
After ovulation, the eggs remain in the uterus for about two weeks for the shelling process which involves the formation of eggshell and eggshell membrane. Histological examination has revealed that there are secretory glands throughout the reproductive tract, secreting fluid during the process of eggshell formation and oviposition (Alkindi et al., 2006) . During this time the eggs have enough time to be exposed to the contaminated oviductal fluid (Al-Bahry, 2009a).
In the green turtle, the eggs were collected directly from the cloacal vent while the turtles were burying eggs. Examination of freshly laid eggs revealed that the bacterial flora can penetrate all egg components, including eggshell, eggshell membrane, albumen and yolk (Al-Bahry 2009a).
Recent investigators have shown that ovaries and oviducts in chickens may be infected with microbes, which can be deposited inside the eggs before they are laid (Wang and Slavik, 1998; Berrang et al., 1999) . This is known as vertical transmission. Also, the eggs can become horizontally contaminated with microbes if they are mixed with contaminated fecal material or other sources in the environment (Catalano and Knabel, 1994) .
In this study, no Escherichia coli were found either in the oviductal fluid samples during the egg laying period. This may suggest that during the swabbing procedure the samples were not contaminated by fecal materials. However, we do not rule out the possibilities of fecal contamination when the fluid passes through the cloacal chamber. Other investigators have isolated fecal coliforms in non-egg laying turtles (Foti et al. 2009 Harms et al., 2006 , and Santoro et al., 2006 .
In this study we used antibiotic resistant bacteria as bio-indicators of polluted effluents contaminating marine habitats and migratory routes. More than 60% of the isolates were resistant to antibiotics. The antibiotic resistant bacteria in marine turtles were used as bioindicators of marine pollution by contaminated effluents (Al-Bahry et al., 2009a; and Foti et al 2009) . We hope that this non-invasive swabbing method will complement the previous method in assessing the degree of pollution in feeding and migratory habitats of marine turtles.
In this study, high levels of multi-drug resistance for Pseudomonas aeruginosa were found, and that resistance to ampicillin was the highest among the tested isolates.
Preliminary study by Harms et al., (2006) reported high levels of multi-drug resistance among Pseudomonas aeruginosa isolates in the juvenile loggerhead sea turtles, (Caretta caretta) and resistance to penicillin and cephotaxin was almost 100%.
The development of multiple resistance to antibiotics is believed to be a result of widespread release of disinfectants and pharmaceutical products related to agriculture, human and veterinary practices (Guardabassi et al., 1998; Kempski et al., 2005 , Kümmerer, 2009a , Kümmerer, 2009b . The extensive use of antibiotics in both human and veterinarian medicine, together with agricultural runoff and coastal development, results in an increase in antibiotic resistant bacteria. Thus, marine animals are exposed to antibiotic residues and to multiple antibiotic resistant bacteria (Al-Bahry et al., 2009a and b, Foti et al., 2009 , Kumerer, 2009a Miranda and Zemelman, 2001, Schmidt et al., 2000) . It was also reported that antibiotic resistant bacteria from pelagic fish captured in the Concepcion Bay, Chile revealed a high incidence of resistance found among the isolates (Miranda and Zemelman, 2001) . Al-Bahry et al., (2009b) Ras Al-Hadd Reserve, Oman, hosts one of the largest nesting population in the world for the green turtles. Thousands of turtles migrate to the region to nest year round (Alkindi et al., 2003) . Thus, choosing this species is particularly helpful in monitoring environmental marine pollution in the northern sector of the Indian Ocean. Accordingly, the present investigation will be of value to trace the sources of polluted effluents which are impacting habitats specifically along the migratory routes of marine turtles.
International cooperation is urgently needed for the implementation of the conservation programs for the preservation of this endangered species. 
